Abstract. High performance liquid chromatography (HPLC) with UV detection is nowadays the reference method to identify and quantify the biomarkers of quality and authenticity of plants and food supplements. Six medicinal plants were collected from wild flora: Taraxacum officinalis, Cynara scolimus, Silybum marianum, Hypericum perforatum, Chelidonium majus and Lycopodium clavatum. Two products (A and B) were obtained by mixing individual plant powders; the product A was obtained by mixing dandelion, artichoke and milk thistle, 1:1:1 while product B by mixing St John's wort, Celandine and Wolf's claw, 1:1:1. The methanolic extracts of individual plants as well as three different extracts of products A and B (using acidulated water, neutral water and acidulated methanol) were analyzed using HPLC-UV for their phenolics' fingerprint and composition. The quantitative (targeted analysis) results were further compared using Principal Component Analysis (PCA) in order to identify their specific biomarkers. Thus, quantitative evaluation of individual phenolics in case of individual plants and products A and B extracts, showed specific and significant differences of composition. Both products A and B contained elagic acid as major compound. For product A, good biomarkers were trans-cinnamic, chlorogenic, caffeic and pcoumaric acids, as well silymarin and silibine originating from milk thistle. For product B, good biomarkers were quercetin and kaempherol, gallic and protocatecuic acids, this product being rich in flavonoids. In conclusion, HPLC-UV coupled with PCA analysis proved to be a rapid and useful way to identify the main biomarkers of plants' authentication, as well of final products' quality and safety.
INTRODUCTION
Among the most important phytochemicals found in medicinal plants are the phenolic derivatives, a large family of secondary metabolites with various roles in plant defense against pathogens and environmental stress, which demonstrated antioxidant activity with beneficial health effects on humans (Rice-Evans et al., 1997; Shahidi and Naczk, 2004; Socaciu et al., 2002 Socaciu et al., , 2009a Scalbert et al., 2005; Halliwell, 2007; Wildman, 2007) . Until now, there were elaborated many analytical protocols to separate and identify phenolic acids, flavonoids and their glucosides, catechins, tannins (Santos-Buelga and Williamson, 2003; Prior et al., 2005) or to quantify total phenolics (Singleton, 1999) .
In spite of a large variety of medicinal plants still found in Europe, many publications are focused more on the evaluation of Asian or South-American wild plants and few data are available about the medicinal herbs from Central-East European regions. Standardization according to EU legislation of herbal supplements needs adequate authentication and quality control (Wichtl, 2004) . In this context, our previous studies were directed towards the use of advanced and rapid methods to fingerprint botanical supplements, to authentify and quantify the key-molecules of medicinal plants, namely phenolic acids derivatives and flavonoids as "bioactive components" of these products (Socaciu et al., 2009a , Pop et al., 2013 .
Some Romanian herbs (Echinaceea, lavender, lemon balm, sage, oregano rosemary, thyme, mint, St John's wort) were investigated for their total phenolic content and antioxidant activity (Socaciu 2009b; Spiridon et al., 2011) . Also, different herbal medicines e.g. dandelion, artichocke, milk thistle, St John's wort, celandine and wolf's claw which claim to have hepatoprotective potential based on the long, traditional use of their ingredients were investigated (Zavoi et al., 2011). Among above listed medicinal plants, dandelion (Taraxacum officinalis) is an old remedy in the therapy of liver diseases due to "taraxacin" a mixture of eudesmanolide and germacranolide derivatives. Its composition in phenolics (phenolic acids and 7-D glucosides of apigenol and luteolin) was also reported (Schütz et al., 2005) . Artichocke (Cynara scolimus) is known to contain cynarin, a phenolic colagogue (Wang et al., 2003) . Milk thistle (Silybum marianum) is known to be hepatocyte activator due to "silymarin", a mixture of flavolignans (silybine, silicristine and silidianine) and taxifolin, a dihydroquercetin (Ding et al., 2001; Minakhmetov et al., 2001) . St John's wort (Hypericum perforatum) has various pharmacological properties (antidepressive, antiviral, antibacterial, liver protective), due to hypericins (condensed anthraquinones), hyperforin and phenolics, mainly rutinoside and condensed tannins (Mulinacci et al., 1999; Barnes et al., 2001) . Celandine (Chelidonium majus) is a source of chelidonin, a naftophenantridin with colecystokinetic, antispastic, antihepatotoxic and anticancerigenic effects, recommended in cyrosis and chronic hepatitis, without known data on phenolics' content. Wolf's claw (Lycopodium clavatum) contains alkaloids and lignans whose structure and pharmacologic effects are not yet elucidated, beside alkaloids and triterpenoids, as well nicotine and flavonoids with good effects on liver tumor inhibition, anti-inflamatory and antimicrobial action. Phenolic acids were also reported in older references article (Pedersen and Øllgaard, 1982) as products of lignin degradation, such as chlorogenic syringic, p-hydroxybenzoic, vanillic, p-coumaric and ferulic acids, lactones and ketones.
The high performance liquid chromatography represents the best technique used nowadays to separate, to fingerprint qualitatively and to identify and/or quantify each molecule from complex mixtures as is it the case of plant extracts and herbal supplements (Fan et Therefore, we applied HPLC coupled with UV detection to identify and quantify the main phenolic derivatives in two herbal supplements containing six medicinal plant ingredients, in order to identify the most relevant biomarkers of authenticity, quality and traceability. The qualitative fingerprints were correlated with the quantitative composition for each plant or products, using Principal Component Analysis.
MATERIALS AND METHODS

Plant materials and sample preparation
Six medicinal plants were collected from wild flora: Taraxacum Three types of extracts were prepared, containing either 15% individual plant powders or 15% product A or B, in: acidic water with addition of 10% ascorbic acid (a), hot distilled water (b) and methanol with 1% addition of HCl (c). All three extracts (a, b and c) were comparatively investigated after sonication for their HPLC fingerprints and quantified according to calibration with pure standards.
The products A and B were formulated as encapsulated powders with a mean weight of 0,20 g (A) and 0,27 g (B) and were recommended to have coleretic and colagogue effects (A) and antioxidant and hepatoprotective capacity (B). The total content of phenolics (determined by spectroscopy based on Folin Ciocilteu method), expressed in gallic acid equivalents (GAE) was 1850 mg GAE/ 100g powder A and 1260 mg GAE /100 g powder B.
HPLC-UV analysis
All methanolic extracts from individual plants and extracts a, b or c of herbal supplements A and B were filtered (Millipore 0.45 µm) and injected in the HPLC column (Supelcosil LC 18, 25 cm x 4,6 mm x 5μm), at 25° C, using 20 µl from each sample.
The HPLC separation was made on an Agilent 1200 HPLC device with a solvent mixture A and B as follows: methanol: acetic acid: water (10:2:88) (solvent A) and methanol: acetic acid: water (90:3:7) (solvent B) at a flow of 1mL/min and detection at 280 nm. The solvent A/B gradient applied was as follows: A from 100% to 85% (min 0-10), A from 85% to 50% (min 10-30), A from 50% to 15% (min 30-45), A from 15% to 100% (min 45-55).
The identification of peaks was made by comparison with HPLC chromatograms of individual, pure phenolic acids (gallic, protocatecuic, chlorogenic = 5-caffeoyl quinic acid, caffeic, o-and p-coumaric, trans-cinnamic, vanillic, ferrulic and synaptic acids) cynarin, flavonoid derivatives (quercetin, kaempherol, taxifolin, apigenin glucoside), the pure standards of these molecules being provided from Sigma Aldrich.
To evaluate the phenolic concentration in each type of extracts, Gallic acid (GA) was used in a concentration range from 10 to 1000 mg/100 mL extract, to calibrate the HPLC analysis (r 2 =0.992). By comparison of peak areas with GA peak areas, the concentrations of individual phenolics in each plant and product were expressed as mg GAE / 100 g dry product.
Statistical Analysis
The data were compared by chemometry (Principal Component analysis), using Unscrambler X10.1. (CAMO software license). Targeted analysis was used to compare the medicinal plants used as ingredients of products A and B, and to compare the plants with the obtained products. Thus, targeted analysis was made using the HPLC areas of the main compounds identified in the chromatograms when medicinal plants were compared and using the phenolic acid concentrations when both plants and products obtained thereof were compared. In the Dandelion extract there were identified few phenolic acids: gallic and protocatecuic acid, chlorogenic and caffeic acid (peaks 1-5), p-coumaric acid being the major peak (6) and biomarker. The Artichocke extract contained as major components cynarin (C) and 3,5-caffeoil quinic acids (Cq), beside the phenolic acids (peaks 1-6). Multiple peaks were identified in Milk thistle corresponding to taxifolin (T), silychristin (2), apigenin glucoside (3), Silybin A and B (Sa, Sb) and elagic acid (15) .
RESULTS AND DISCUSSION
HPLC-UV analysis of individual plants used as ingredients comparatively to products
In the St John's wort extract there were identified vanillic acid (13), hypericine (Hh), pcoumaric acid (6), hiperforine (Hf) and quercetin (10) . Celandine extract contained a complex mixture of caffeic acid, o-coumaric acid, trans-cinnamic acid and flavonoid derivatives while the extract of wolf's claw contained vanillic acid, p-cumaric acid, trans-cinnamic acid, ferulic acid, syringic acid and quercetin (unpublished data). Fig. 2 represents the HPLC fingerprint of products A in solvent c. The main peaks identified in the chromatogram of product A corresponded to all plants mixed used as ingredients: gallic acid (1), chlorogenic acid (4), caffeic acid (5), p-coumaric acid (6), taxifolin (T), silychristin (2), apigenin glucoside (3) and caffeoyl quinic acids (Cq), Silybin A and B (Sa, Sb) and elagic acid (15) . The authenticity biomarkers of this product are mainly originating from artichocke and milk thistle. Product B contained elagic acid as major compound. Comparing with Product A, Product B contained also protocatecuic, p-OH benzoic, vanillic, syringic and p-OH cinamic acids, mainly originating from wolf's claw. 
Evaluation of phenolic acids from individual plants and products (A and B) in methanol extracts (c)
Considering that solvent c was the most efficient in extracting phenolics, the methanolic extract was further used to quantify the concentration of individual phenolic acids in different plants. Table 1 represents the phenolic acids concentration mean values, expressed in mg GAE/ 100 g dry plant, as determined after calibration by HPLC-UV. Dandelion was rich in polar phenolics, especially in p-coumaric and chlorogenic acid. St John's wort was easy to differentiate based on its high concentrations of vanillic and p-coumaric acid. Artichocke and wolf's claw had higher concentrations of polar phenolic derivatives (especially high content of elagic, synapic acids and cynarin respectively), although the total concentration of phenolics was low. Celandine and Milk thistle contained elagic, gallic and protocatecuic acids, and also unpolar derivatives.
Product A contained as major compound elagic acid, at 330.95 mg /100 g product identified only in solvent c, therefore consider to be a good biomarker of product A, beside transcinnamic acid. Also, the presence of silimarine and silibine (not-quantified) can be good biomarkers, originating from milk thistle, as well caffeic and para-coumaric acids.
Product B contained beside gallic and protocatecuic acids (found in equivalent quantities in solvents a and b), quercetin and kaempherol as major component in the solvent c.
As a remark, the methanolic extract c of product B was richer in flavonoids (quercetin and kaemferol) even if generally it was poor in phenolics. Solvent a (water with 1% ascorbic acid) extracted preferentially polar phenolics mainly gallic, protocatecuic and clorogenic acids, in both A and B products. Solvent b (water) extracted same phenolics in product A but more in B, namely vanilic, para-benzoic, para-cumaric and syringic acid. Solvent c (acidic methanol) extracted qualitatively and quantitatively the largest variety of phenolics, e.g. 6 compounds from product A and 11 compounds in product B.
Chemometry by Principal Component Analysis
The discrimination between the medicinal plants used as ingredients for products A and B and the identification of phenolic acid biomarkers specific for both plants and products A and B is represented in Fig. 3a and b respectively. In the first case, when HPLC areas were used the score plots generated by the comparison of PC1 and PC2 accounted 77 % of the total variance (Fig. 3a) and 82% of the total variance (Fig. 3b) when phenolic acid concentrations were used. a b Fig. 3 . Targeted PCA analysis of data, based on HPLC peak areas (a) and concentrations of phenolic acid compounds (b)
In both cases, the group distribution was done almost exclusively along PC1 axis. In the first case, the medicinal plants were clustered into five groups indicating the similar composition of celadine and dandelion which were situated very close to each other. In the other case, the plants and the two products were clustered into four groups. The first group represented by Products A, Product B and Milk thistle is negatively correlated with Celadine group and St John's wort, Artichoke and Wolf's claw group situated at the right side of the plot. Dandelion group opposite to the other three groups is situated at the top of the positive PC2 axis. The superposition of score and loading plots (data not shown) indicates that plant group differentiation was due mainly to elagic acid, trans-cinnamic acid, protocatecuic acid, quercetin and vanillic acid. Regarding the discrimination between the plants and Products A and B, the phenolic acid biomarkers responsible for sample grouping were elagic, p-coumaric, protocatecuic, chlorogenic, caffeic and vanillic acids. CONCLUSION HPLC-UV method proved to be a useful tool to fingerprint individual medicinal plants used as ingredients for herbal supplements (products A and B), based on their composition in phenolic acid derivatives and other phytochemicals (flavonoids, hypericine, stilbenes, etc.).
Depending on the solvent polarity (acidified water vs water vs acidified methanol), the phenolic pattern of individual plant extracts or of herbal products A and B was different, showing that methanolic extract induced the best extraction yield and more complex composition of phenolics.
The quantitative evaluation of individual phenolics of products plant ingredients, products A and B, showed specific and significant differentiations among plants and products, useful for their authentication.
Both products A and B contained elagic acid as major compound. For product A, good biomarkers were trans-cinnamic, chlorogenic, caffeic and para-coumaric acids, as well silimarine and silibine originating from milk thistle. For product B, good biomarkers were quercetin, kaempherol, gallic and protocatecuic acids, this product being rich in flavonoids.
Based on the quantitative composition of phenolic acids, targeted PCA analysis showed good discriminations between plants and products.
